Early Homo from Dmanisi and its relationship to African and Asian Homo erectus by Zollikofer, C P & Ponce de Leon, M S
University of Zurich





Early Homo from Dmanisi and its relationship to African and
Asian Homo erectus
Zollikofer, C P; Ponce de Leon, M S
Zollikofer, C P; Ponce de Leon, M S (2008). Early Homo from Dmanisi and its relationship to African and Asian




Posted at the Zurich Open Repository and Archive, University of Zurich.
http://www.zora.uzh.ch
Originally published at:
Indriati, E 2008. Recent Advances on Southeast Asian Paleoanthropology and Archaeology. Jakarta, 61-69.
Zollikofer, C P; Ponce de Leon, M S (2008). Early Homo from Dmanisi and its relationship to African and Asian




Posted at the Zurich Open Repository and Archive, University of Zurich.
http://www.zora.uzh.ch
Originally published at:
Indriati, E 2008. Recent Advances on Southeast Asian Paleoanthropology and Archaeology. Jakarta, 61-69.
Early Homo from Dmanisi and its relationship to African and
Asian Homo erectus
Abstract
The Plio-Pleistocene site of Dmanisi (Georgia) has yielded an exceptionally well-preserved and
morphologically diverse sample of cranial and postcranial remains of early Homo within a rich
archeological and faunal context. This unique ensemble offers new comparative perspectives on the
origin and dispersal of our own genus in Africa and Asia. Here we ask how patterns of morphological
diversity within the  Dmanisi paleopopulation, and between Dmanisi and African/Asian H. erectus, are
related to processes of hominin phylogeography. Variation in size and shape within  the Dmanisi sample
is considerable and, like in modern human populations, a large proportion of it can be related to
variation in basic developmental processes. This perspective has several implications for the
interpretation of H.erectus sensu lato: (1)at its lower (Plio-Pleistocene) boundary, separation from early
Homo (cf. habilis)becomes increasingly difficult; (2) during the Pleistocene, links between Dmanisi and
East Asian forms are probably closer than with Africa; (3) at its upper boundary (Pleisto-Holocene), H.
floresiensis is plausible as a paedomorphic dwarf from.
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Abstract 
The Plio-Pleistocene site of Dmanisi (Georgia) has yielded an exceptionally 
well-preserved and morphologically diverse sample of cranial and postcranial remains 
of early Homo within a rich archeological and faunal context. This unique ensemble 
offers new comparative perspectives on the origin and dispersal of our own genus in 
Africa and Asia. Here we ask how patterns of morphological diversity within the 
Dmanisi paleopopulation, and between Dmanisi and African/Asian H. erectus, are 
related to processes of hominin phylogeography. Variation in size and shape within 
the Dmanisi sample is considerable and, like in modern human populations, a large 
proportion of it can be related to variation in basic developmental processes. This 
perspective has several implications for the interpretation of H. erectus sensu lato: (1) 
at its lower (Plio-Pleistocene) boundary, separation from early Homo (cf. habilis) 
becomes increasingly difficult; (2) during the Pleistocene, links between Dmanisi and 
East Asian forms are probably closer than with Africa; (3) at its upper boundary 
(Pleisto-Holocene), H. floresiensis is plausible as a paedomorphic dwarf from.  
 
Introduction 
The fossil record documenting human evolution during the Pleistocene 
conveys a complex message that needs to be interpreted in terms of speciation and 
phylogeography, as well as in terms of human life history evolution and behavioral 
adaptations. If we rely on the pattern displayed by the fossil finds and their 
distribution in geological time and geographical space, a relatively straightforward 
scenario of human phylogeography is still the most likely one: Homo originated 
during the late Pliocene in Africa (where the oldest fossil evidence comes from), 
appeared in Western Eurasia at the Plio-Pleistocene border, and dispersed more or 
less rapidly into Eastern Asia, where the first remains are most likely associated with 
the early Pleistocene.  
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While future Eurasian hominin finds might falsify, or at least modify, the Out-
of-Africa I story (Dennell and Roebroeks, 2005), it is worth to examine it in closer 
detail, and to establish specific hypotheses about what we expect in terms of early 
human morphological change, especially when we consider that populations 
originating in Africa might have dispersed into Eurasia within a comparatively short 
time frame. Establishing appropriate null hypotheses is crucial, because the sparse 
hominin fossil record represents an incomplete spatiotemporal pattern, which 
provides ample space for interpretations in terms of different phylogeographical 
processes.  
To establish null hypotheses upon comparative empirical data, two strategies 
can be adopted. One consists in comparing patterns of hominin dispersal and 
speciation with patterns of dispersal and speciation in fossil taxa. This is best done by 
focusing on taxa, which are more abundantly represented in the fossil record, for 
example cercopithecoids, herbivores or rodents. The second strategy consists in 
advocating actualistic evidence. Here, one of the best documented examples is 
modern human phylogeography, i.e., Out-of-Africa II. Although the first and second 
dispersals of humans out of Africa are clearly different on both spatial and temporal 
scales, modern human dispersal and its implications for skeletal variability might 
constitute a valuable framework to study early hominin morphologies in different 
geographical contexts. An additional point that needs to be considered during the 
establishment of null hypotheses is variability per se: within-population variability as 
the basic substrate of evolution by natural selection is typically taken for granted, and 
most evolutionary biologists are more interested in how selection structures its 
substrate than on how the substrate is structured prior to the action of selection. To 
obtain a complete picture of natural variation, we need to take into account that 
patterns of variability have a strong genetic and developmental background, and that 
such patterns exist in the form of developmental reaction norms irrespective of 
specific selective pressures (Schlichting and Pigliucci, 1999).  
The aim of this paper is to consider how such a combined perspective could 
impinge on our interpretations of Out-of-Africa I, especially on the interpretation of 
the flagship taxon associated with this dispersal, Homo erectus (sensu lato). While 
formal testing of hypotheses on how morphology and phylogeography are related to 
each other will need in-depth quantitative comparative analyses, we use the present 
opportunity to discuss underlying issues and possible lines of investigation.  
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Delimiting Homo erectus  
One basic issue associated with the study of Out-of-Africa I resides in the fact 
that Homo erectus is an ill-defined paleospecies (both sensu lato and sensu stricto), 
which exhibits fuzzy borders in time and space. Its lower temporal border is currently 
best represented by the Dmanisi sample (Gabunia et al., 2000; Vekua et al., 2002; 
Lordkipanidze et al., 2005; Lordkipanidze et al., 2006; Lordkipanidze et al., 2007), 
while its uppermost border has been associated, at least by some authors, with H. 
floresiensis (Brown et al., 2004; Morwood et al., 2005). While the upper border is 
currently one of the most hotly debated topics of paleoanthropology, the lower border 
seems to be less controversial. However, it still proves difficult to draw clear borders 
between H. habilis and H. erectus sensu lato. Morphologically, the lower border is 
typically established by contrasting fossil specimens attributed to H. erectus against 
those attributed to H. habilis. For example, a recent study demonstrated that size 
variability accounts for an important proportion of cranial shape variability in early 
Homo, such that many features traditionally used to discriminate between H. habilis 
and H. erectus might be unreliable taxon indicators (Spoor et al., 2007). However, 
new data provided in the same study to differentiate between contemporaneous finds 
attributed to H. habilis and H. erectus cannot exclude allometric shape variation as a 
key factor differentiating between these two taxa. Based on the currently available 
fossil record, therefore, species boundaries within early Homo remain fuzzy, and 
species definitions remain elusive when quantitative criteria are applied.  
Besides issues of species definition and specimen attribution, the most 
interesting questions arising from this dilemma are those related to the actual 
biological significance of size variation and associated shape variation in H. erectus 
sensu lato. A high level of within-species sexual dimorphism might be one 
explanation, but this is somewhat at odds with empirical data, which would imply a 
preponderance of male specimens in Southeast Asia. Another possible factor is 
ecogeography, giving rise to clinal variation of the morphology of early Homo, or to 
adaptations reflecting local ecological conditions. A third factor is phylogeography, 
which, even in the absence of specific selective forces, might lead to genetic and 
morphological drift of populations away from their ancestral source population.  
The major difficulty to test hypotheses related to the role of any of these 
factors is the scarcity of fossil hominin finds for most of the Pleistocene, and their 
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wide dispersion in time and space. For example, based on the current fossil evidence, 
it is not possible to assess whether size variability in African H. erectus reflects 
within-population or between-population variation, and to which extent diachronic 
variation influences size and shape. A first step toward tackling such questions is to 
examine how size and shape covary in a paleopopulation of H. erectus, as such data 
would provide a “neutral” background against which the significance of other sources 
of variation can be gauged. This presupposes that a fossil sample drawn from a 
paleopopulation be available. According to the ideal Aristotelian plot of an antique 
drama, such a population would represent unity in time, space and action, which 
translates into a well-dated single site yielding an appreciable number of specimens 
that were buried within a single depositional event.  
 
H. erectus paleopopulations 
The only fossil sites from which large numbers of specimens are available are 
those from Dmanisi (Georgia), and Ngandong (Java, Indonesia). The Ngandong site is 
likely to represent a narrow geologic time window, and the hominin sample comprises 
remains of more than a dozen individuals. However, the proposed recent date of the 
site is still a matter of debate (Grün and Thorne, 1996), and the morphology of the 
Ngandong hominins is mostly represented by their calvaria, while associated faces are 
missing. This makes it impossible to assess neurocranial versus facial variation, which 
is an important prerequisite to study questions related to body size, encephalization, 
and sexual dimorphism.  
Dmanisi, on the other hand, preserves all the relevant information required to 
address the questions asked above. This Plio-Pleistocene site has yielded an 
exceptionally well-preserved and morphologically diverse sample of 
craniomandibular and associated postcranial remains of early Homo within a rich 
archeological, faunal and floral context (Gabunia et al., 2000; Vekua et al., 2002; 
Lordkipanidze et al., 2005; Lordkipanidze et al., 2006; Lordkipanidze et al., 2007). 
Stratigraphic and taphonomic analyses suggest rapid but gentle secondary deposition 
of this ensemble within a narrow time window. Direct dating of basaltic layers below 
the fossil-bearing strata yielded an age of 1.8 million years. Because the basaltic 
layers do not exhibit signs of weathering, it is most likely that the hominin material 
was deposited shortly after that date. Dmanisi thus represents the best approximation 
of a paleopopulation of Plio-Pleistocene hominins buried within its ecological and 
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cultural context. Accordingly, morphological variation within this sample represents 
an interesting test case to assess patterns of within-population variation at one spot 
and at one moment in geologic time.  
Obviously, such analyses presuppose that the Dmanisi sample indeed 
represents one paleopopulation or, at least, a single species. The high level of 
morphological variation – both metric and non-metric – led various authors to 
postulate the co-existence of more than one hominin species at Dmanisi (Schwartz, 
2000; Gabunia et al., 2002). Our recent comparative analyses based on 
craniomandibular and postcranial characters show no evidence for distinct groups; on 
the contrary, they reveal synapomorphies supporting the taxonomic unity of the 
Dmanisi sample (Lordkipanidze et al., 2006; Lordkipanidze et al., 2007). And while a 
recent analysis of the smallest (D211) and largest (D2600) Dmanisi mandibles 
postulated more size variation in the Dmanisi sample than in extant humans or in 
chimpanzees (Skinner et al., 2006), it can easily be shown that this result is due to 
measurement errors in the data used to quantify the Dmanisi morphologies.  
Building upon the assumption that Dmanisi represents a sample drawn from a 
paleopopulation, the next step is to examine various factors potentially influencing 
within-population variability. This can be done from a functional and from a 
developmental perspective. As mentioned, differences in size and shape between the 
Dmanisi hominins might be seen as the result of different adaptive strategies, e.g. 
related to sexual dimorphism. Testing this hypothesis on the basis of the available 
fossil evidence is difficult, especially if one wants to proceed beyond just-so stories 
inspired by evidence from extant hominoid primates. On the other hand, considering 
variation as the result of a developmental reaction norm of a species releases one from 
the burden of immediate functional explanations and opens a view on the potential 
role of basic mechanisms of hominin cranial growth and development in generating 
variability.  
One conspicuous feature of the Dmanisi hominins in this respect is their 
variable expression of cranial superstructures and overall robusticity, as well as 
variation in facial projection and mandibular shape. Differences in cranial 
superstructural robusticity can in part be explained by differences in cranial growth 
and development. Assuming that all Dmanisi specimens followed approximately the 
same species-specific trajectory of growth and development, this would imply that the 
large skulls represent individuals advancing further along ontogenetic trajectories. 
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Using modern humans and Neanderthals as a comparative example shows that 
ontogenetic changes in size, shape and robusticity are closely correlated, such that 
larger crania tend to display more pronounced superstructures (Ponce de León and 
Zollikofer, 2001; Ponce de León and Zollikofer, 2006). However, the shape of the 
Dmanisi cranial superstructures, especially of the supraorbital tori, shows only weak 
correlation with cranial size, such that other developmental mechanisms must be 
advocated to explain variation. Comparison with modern humans indicates that the 
development of frontal superstructures and of the associated paranasal sinuses 
strongly depends on the orientation of the face relative to the neurocranium 
(Zollikofer et al., in press). Differences in neurocranial versus viscerocranial 
orientation have been shown to be independent of postnatal age, cranial size, and sex 
(Zollikofer and Ponce de León, 2002), such that it is most sensible to attribute them to 
variability in modes of prenatal development, which determine how the face is hafted 
to the braincase. Applying similar arguments to the Dmanisi hominins would imply 
that a similar mode of “developmental wobbling” generates variability in degrees of 
facial projection, and in the size and shape of facial superstructures, independent of 
overall cranial size and sex.  
The mandible assumes a special role during the interpretation of variability. 
On developmental grounds, it is sensible to treat it as a separate module following its 
own ontogenetic trajectory (Enlow, 1990). However, the ancient saying that crania 
and mandibles are the respective creations of God and the Devil reflects the well-
founded empirical insight that mandibles alone are typically non-diagnostic and can 
even be misleading in efforts to infer taxonomic status, sex, diet, etc.. This is mainly 
because the size and shape of a mandible are closely correlated with the size and 
orientation of the viscerocranium relative to the neurocranium. As mentioned, the 
case of modern humans shows that there is ample developmental variation in these 
variables, such that mandibles only reveal their full morphological significance if they 
are analyzed as part of the craniomandibular complex.  
In addition to variation in overall size and shape, the Dmanisi mandibles 
exhibit considerable variation in dental sizes and proportions. D211 displays 
relatively small molars, whose sizes decrease from M1 to M3, D2735 exhibits M3 
agenesis, while in D2600, molar size proportions tend to be reversed, and M3 is at the 
upper end of hominin molar size variation. As there is currently no reason to postulate 
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more than one species at Dmanisi, the utility of dental size and proportions as a 
taxonomic discriminator must be reconsidered.  
 
Patterns of shape variation and patterns of dispersal 
Overall, thus, features such as facial projection, postorbital constriction, facial 
size, supraorbital morphology, and dental size and proportions might be less 
informative regarding the diversification of Pleistocene Homo than typically assumed. 
Which features, then, can be used to assess patterns of evolutionary dispersal and 
clinal variation within H. erectus? One feature of specific interest in this context is 
body size. Body size is a key variable of the biology of individuals and populations, 
because it influences almost every aspect of an animal’s life, from 
metabolism/nutrition, and development/life history to population size, home range 
and ecological niche (Schmidt-Nielsen, 1984). However, especially in humans, we are 
only beginning to understand how to associate differences in body size between or 
within populations, or secular and long-term trends in stature, with physiological or 
environmental factors (Henneberg, 1987; Henneberg, 1998; Crimmins and Finch, 
2006).  
Interestingly, body size variation within H. erectus, as evinced by the 
comparatively short Dmanisi specimens (140-160 cm at adulthood) and the 
comparatively tall Nariokotome specimen (ca. 180 cm at adulthood), seems to be 
similar to variation observed within and between modern human populations. Judging 
from the phyletic status of the Dmanisi population, which might be considered as 
somewhat more primitive than H. erectus (cf. ergaster) from Nariokotome, it is 
reasonable to assume that the stature of the Dmanisi hominins represents more of a 
baseline for H. erectus than that of the Nariokotome individual. This view also 
receives support from the sparse postcranial material associated with Asian H. 
erectus. The elevated stature of the Nariokotome individual might thus represent a 
derived condition, which is probably indicative of the local climatic and ecological 
conditions, but it might also represent a snapshot of an early H. erectus population at 
a secular peak of fluctuating stature. In any case, H. erectus seems to exhibit modern 
human-like body size ranges and patterns of body size variation, which typically 
express ecotypes and are associated with clinal variation, but which are difficult to 
associate with specific patterns of phylogeography.  
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Taking into account developmental shape and size variation within 
populations, and clinal size variation between populations, it is nevertheless possible 
to define a restricted array of craniomandibular features on the basis of which 
African, Eurasian and East Asian H. erectus specimens can be compared. When 
observed character states are ordered in a preliminary evolutionary sequence, it is 
possible to establish tentative correlations between evolutionary change and 
geographical dispersal of H. erectus. As shown in Table 1, the majority of size-
independent features are characters that are plesiomorphic for Homo, or 
synapomorphic for H. erectus s.l.. These features unite H. erectus populations across 
their entire range of dispersal. Only a relatively small fraction of features are 
apomorphic for each group. Accordingly, after accounting for size allometry, H. 
erectus s.l. appears as a relatively homogeneous group with only slight local variation. 
Nevertheless, the Dmanisi hominins assume a pivotal position in this picture: they are 
at the geographical intersection between the African and the Asian samples, but tend 
to share synapomorphies with the Asian rather than with the African sample. A 
straightforward interpretation of this condition is to postulate closer 
phylogeographical links between the Dmanisi and East Asian populations than 
between Dmanisi and Africa. Interestingly, comparisons of the faunal remains at 
Dmanisi with Asian and African assemblages tend to yield a similar picture (M. 
Bukshianidze, pers. comm.). This pattern does not necessarily imply that H. erectus 
originated in Eurasia and later dispersed into Africa and Eastern Asia, but it goes 
along with the notion of a fuzzy lower border of H. erectus, which might comprise at 
least parts of the sample now labeled as H. habilis. Those early populations might 
have dispersed over a wide geographical range already during the late Pliocene, 
presupposing that the separation between Pliocene Africa and Eurasia is of 
terminological rather than biogeographical nature.  
 
A view on Homo floresiensis 
Considering the upper temporal border of H. erectus s.l., it is inevitable to 
discuss the status of H. floresiensis, which has been interpreted, in temporal order, as 
a late and dwarfed offshoot of Asian H. erectus (Brown et al., 2004; Lahr and Foley, 
2004), a descendant of very early Homo or even of the australopiths (Tocheri et al., 
2007), and a microcephalic modern human (Jacob et al., 2006). Extreme dwarfing 
associated with microcephaly in H. sapiens is a viable null hypothesis to explain the 
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peculiar morphology of H. floresiensis. However, new empirical evidence from the 
Flores wrist (Tocheri et al., 2007) makes it worth to try an alternative comparative 
frame of reference. From the perspective of size variation within H. erectus s.l., H. 
floresiensis is small, but not atypically small-brained, especially if the Dmanisi 
sample is included into the hypodigm. For example, the range of endocranial size 
spanned by the smallest Dmanisi individual, D2700 (~620 ccm at adulthood) and the 
Nariokotome individual (~900 ccm at adulthood) is similar to the endocranial size 
range spanned by LB1 (417 ccm) and D2700: both ranges express a ratio of ~1.5. 
Keeping in mind that the lower borders of H. erectus are fuzzy, a small stature and a 
Dmanisi-like encephalization quotient in the Flores sample would be compatible with 
the notion of a dwarfed Pleistocene hominin species extending into the Holocene.  
Beyond issues of taxonomy, phylogeny, and pathology, however, the small 
size of the Flores hominins raises fundamental physiological and developmental 
questions. A hypothetical medium-sized hominin species may adapt to the limited 
resources available on an island by following two different but non-exclusive 
physiological strategies: One is to reduce absolute metabolic costs per individual, 
which implies reduction in overall body size. Such a strategy tends to optimize energy 
acquisition (Damuth, 1993). The other strategy consists in the reduction of specific 
metabolic costs (oxygen consumption per kg body mass), which is best done by 
reducing the size of the most costly organ (i.e., the brain (Aiello, 1997)) relative to 
body size.  
But selective advantages of body size and/or brain mass reduction are only 
one side of the issue. The other side is how such reductions are achieved through 
evolutionary modification of the developmental program of a supposed medium-sized 
ancestral species. Several developmental strategies can be followed to attain shorter 
statures and/or relatively smaller brains (Fig. 1). Such strategies are best described 
using the terminology of heterochronic modification, and using specific definitions of 
growth (increase in size over ontogenetic time) and development (change in shape, 
i.e., proportions, over ontogenetic time). As a proxy for growth, we consider here 
increase in body size, and as a proxy for development, we consider changes in relative 
brain size, as measured by the encephalization quotient (EQ). One strategy consists in 
a concomitant reduction of rates of growth and development, such that adults of the 
descendant species terminate development at smaller sizes and more paedomorphic 
shapes. Another strategy consists in de-coupling growth from development, such that 
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adult shapes are attained at smaller overall sizes. A third strategy consists in specific 
reduction of brain growth rates relative to growth rates of the body. A pathological 
case of such a developmental path is microcephaly.  
Including physiological and developmental aspects into the discussion of H. 
floresiensis leads to some surprising perspectives. Depending on the ancestral frame 
of reference used for its interpretation (H. erectus or H. sapiens), and depending on 
postulated ancestral body sizes, H. floresiensis alternatively appears as a 
paedomorphic dwarf (EQ larger than expected for an adult), or as peramorphic dwarf 
(EQ smaller than expected for an adult). In our view, the former hypothesis is the 
more likely one. However, based on the currently available fossil evidence from H. 
erectus s.l., it is not possible to draw “conclusive conclusions” about the ancestry of 
H. floresiensis, and accordingly, it is not possible to decide which of the proposed 
evolutionary developmental scenarios is the most realistic one.  
 
Conclusions 
H. erectus appears as a fuzzy species, which is difficult to delimit in terms of 
morphology, time and space. Whether this fuzziness represents noise or data needs to 
be clarified by further analyses. New fossil finds will greatly help to clarify the 
current picture, which is still that of a partially restored mosaic. New fossil evidence 
accumulates at a slow rate, so we have ample time to gather comparative evolutionary 
and developmental evidence from extant species and from well-documented fossil 
species, which might help interpret H. erectus from the widest possible biological and 
biogeographical perspective.  
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Table 1. Features of the Dmanisi hominins. 
Plesiomorphies for Homo 
mastoid region inflated and laterally projecting 
occipital transverse torus poorly expressed or absent 
occipital scale index low  
canine jugum prominent and bounded laterally by maxillary sulcus 
zygomaticoalveolar incisure present 
hard palate shallow 
palatal opening to incisive canal situated posteriorly 
mandibular superior transverse torus 
Synapomorphies with H. erectus sensu lato 
supraorbital torus bar-like and projecting 
bregmatic eminence with parietal sagittal keel 
angular torus present 
temporal squama low with straight upper border 
mastoid tip inturned and flattened posteriorly 
low petrotympanic angle 
restricted foramen lacerum  
prominent nasal saddle  
Synapomorphies with East Asian H. erectus 
parasagittal flattening/depression of parietal surfaces 
paramastoid and occipitomastoid crests  
Autapomorphies in the Dmanisi paleopopulation 
double sagittal keeling  
postbregmatic depression 
delicate tympanic plate  
supratubarius process absent 
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Figure 1. A developmental perspective on hominin dwarfing. Relative brain 
size (encephalization quotient, EQ) is plotted against body size. Arrows indicate 
developmental trajectories leading from neonates to adults (H.e.: H. erectus; H.s.: 
H. sapiens; grey area indicates approximate position of H. floresiensis). White 
arrows: normal species-specific ontogenetic trajectories tracking developmental 
change in EQ relative to body size. Black arrows: paedomorphic variants of these 
trajectories lead to smaller adult body sizes, but EQ values are at or above ancestral 
species-specific adult values. Contrastingly, the microcephalic trajectory (dashed 
arrow) leads to smaller adult body sizes associated with a lower EQ.  
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